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ABSTRACT OF THE DISCLOSURE 



An apparatus and a method for testing Alternating Current (AC) coupled 
interconnects of a circuit using boundary scan methodology are disclosed. A Boundary 
Scan Cell (BSC) of a transmitting Integrated Circuit (IC) generates an AC signal based 
on a value of the BSC of the transmitting IC and a reference clock. A Sync Pulse cell at 
the receiving IC generates a sync pulse signal to the BSC of the receiving IC. The BSC 
of the receiving IC captures a default phase of the AC signal in relation to the sync pulse 
signal and also captures a phase of a source of input signal. The BSC of the receiving IC 

^ — darn4-<zi'iay\ I 

then compares the phase of the input signal with the phase of said AC signal in relation to 
the phase captured at the sync pulse signal and sends out an output signal based on the 
comparison. 
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output structure, a BSC is inserted between the system control signal output line of the 
core logic and the bi-directional output buffer. Also, a bi-directional BSC is inserted 
between the core logic and the bi-directional output buffer. 

[0009] Turning first to FIG. 1, a detailed logic block diagram of a prior art BSC 

10 is shown. The BSC 10 includes a boundary scan mode multiplexer (mode 
multiplexer) 12, a shift multiplexer 14, a data shift/capture register 16, and an update data 
register 18. The mode multiplexer 12 and the shift multiplexer 14 each have a system 
input (0), an update input (1), an output, and a select line. The data shift/capture register 
16 and the update data register 18 each have a data input (D), a clock input (CLK), a 
normal output (Q), and an inverted output (Q bar or not Q). 



[0010] The BSC 10 includes a system data input (SDI) line for receiving system 

signals including system data signals and system control signals from the system signal 
output lines, including the system data signal output lines and the system control signal 
output lines, of the core logic. If the BSC 10 is used for control purposes, the SDI line 
may receive a system control signal from the core logic. If the BSC 10 is used for output, 
the SDI line may receive a system data signal from the core logic. If the BSC 10 is used 
for an input, the SDI line becomes a system data received input (SDRI) line for receiving 



signals from the l/O pin through an input buffer. The BSC 10 also includes a system data 
output (SDO) line for transmitting signals through an output buffer to the I/O pin. If the 
BSC 10 is used for an input, the SDO line becomes a system data received output 
(SDRO) line for transmitting signals to the core logic. The SDI line and the SDO line 
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invention. A first net 402 has a missing capacitor in its circuit. A second net 404 has an 
opening in its circuit on the driving end. A third net 406 has an opening in its circuit on 
the receiving end. A fourth net 408 has a driving end stuck at 0. A fifth net 410 has a 
driving end stuck at 1. A sixth net 412 has a receiving end stuck at 0. A seventh net 414 
has a receiving end stuck at 1. 

[0035] FIG. 5 is a block diagram illustrating a transmitting boundary scan cell 

(BSC) according to a specific embodiment of the present invention. The circuit 502 in 
the box with broken lines represents a transmitter BSC according to a specific 
embodiment of the present invention. Such transmitter BSC is capable of acting as an 
ordinary boundary scan cell as well as handling AC signals. 

[0036] The transmitter BSC comprises a shift/capture flip-flop 504, an update 

flip-flop 506, an XOR logic gate 508, and a multiplexor 510. The shift flip-flop 504 is 
connected to three sources of signals or data input: bscanShifiln, clockBscanAc, and 
testBscanReset. The bscanShiftln line allows AC test stimulus (control pattern) to shift in 
the present BSC. The clockBscanAc line is connected to the output of a flip-flop 512 that 
has two lines of input: clockBscan and refClk. Flip-flop 512 is generally common to all 
transmitting BSCs. Shift flip-flop 504 may comprise any generic D-type flip-flop. An 
output of shift flip-flop 504 is connected to an input of the update flip-flop 506. The 
output of shift flip-flop 504 is also connected to a bscanShiftOut line. The output of a 
flip-flop 514, having two lines of input: updateBscan and refClk, is also connected to the 
input of the update flip-flop 506. The shift flip-flop 504 may comprise any generic D- 
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BSC and the receiving BSC. And last, the reference clock is connected to the integrated 
circuits with this interface so that controls of skew are very easy. Thus, the BSCs as 
described above work as either ordinary EEEE 1149.1 or as AC JTAG cells. 

[0055] While embodiments and applications of this invention have been shown 

and described, it would be apparent to those skilled in the art having the benefit of this 
disclosure that many more modifications than mentioned above are possible without 
departing from the inventive concepts herein. The invention, therefore, is not to be 
restricted except in the spirit of the appended claims. 
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AMENDMENTS TO THE SPECIFICATION 

Please replace paragraph [0048] with the following amended paragraph: 

[0048] FIG. 7 is a flow diagram illustrating a method for enabling a transmitting 

Boundary Scan Cell (BSC) to operate with AC signals according to a specific 
embodiment of the present invention. In a first block 702, the transmitting BSC 502 
detects whether it is functioning in AC JTAG mode. If the transmitting BSC 502 is not in 
AC JTAG mode, the reference clock input line refclk to the XOR logic gate 508 is held 
low in a block 704, thereby allowing the BSC to drive the same DC pattern as is present 
in the update register of the transmitting BSC. In block 706, if the transmitting BSC 502 
is in AC JTAG mode, the transmitting BSC 502 is reset as described above. In block 
708, the transmitting BSC generates AC signal based on the value of the transmitting 
BSC and the active reference clock as described above. The AC signal is then sent out to 
the receiving BSC 602 in block 710. Examples of AC signals produced by the 
transmitting BSC 602 are illustrated in FIG. 9A and 9B. 
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AMENDMENTS TO THE CLAIMS 



This listing of claims will replace all prior versions, and listings of claims in the 



application: 



LISTING OF CLAIMS 



1 . (Currently Amended) 



A method for testing a circuit including AC coupled 



interconnects , the circuit of a circuit having a transmitting IC and a receiving IC that are 
coupled together by an AC interconnection, each IC having a Boundary Scan Cell (BSC) 
connected to a reference clock and a source of an input signal , the method comprising: 

generating an AC signal based on the reference clock and a value held in ef the 
BSC of the transmitting IC and th e referenc e clock , the AC signal having a first phase if a 
first value is held in the BSC, and a second phase if a second value is held in the BSC ; 

generating, for the receiving IC, transmitting a sync pulse signal based on a test 
reset signal to th e BSC of th e r e c e iving IC; 

capturin g, in the BSC of the receiving IC, a default phase of said AC signal in 
response r e lation to said sync pulse signal; 

sampling capturing a phase of the AC input signal; 

comparing the default phase with the sampled of th e input signal with th e phase of 
the said AC signal in r e lation to said sync puls e signal ; and 

generating a phase decode s e nding an output signal based on said comparing. 

2. (Currently Amended) The method according to claim 1, wherein said generating 
an AC signal further comprises! 

resetting the BSC of the transmitting IC. 



4 of 26 



SV #161835 vl 



Docket No. CISCO-4330 
(032590-000158) 

3. (Currently Amended) The method according to claim 2, wherein said resetting 
furth e r comprises! 

latching a default value g e n e rating a z e ro valu e signal in a boundary scan register 
in the BSC of the transmitting IC . 

4-7. (Cancelled) 

8. (Currently Amended) A system for testing a circuit including AC coupled 
interconnects , the circuit of a circuit having a transmitting driving IC and a receiving IC 
that are coupled together by an AC interconnection, each IC having a plurality of 
boundary scan cells (BSCs) connected to a reference clock , the system comprising: 

means for generating an AC signal based on the reference clock and a value held 
in ef the BSC of the transmitting IC and th e r e ferenc e clock , the AC signal having a first 
phase if a first value is held in the BSC, and a second phase if a second value is held in 
the BSC ; 

means for generating transmitting a sync pulse signal based on a test reset signal 
to the BSC of the r e c e iving IC; 

means for capturin g, in the BSC of the receiving IC, a default phase of said AC 
signal in response r e lation to said sync pulse signal; 

means for sampling capturing a phase of the AC input signal; 



5 of 26 



SV #161835 vl 





Docket No. CISCO-4330 
(032590-000158) 



an XOR logic gate connected to said second flip-flop for generating an AC fee 
signal based on a reference clock signal and the value held in said second flip-flop, the 
AC signal having a first phase if a first value is held in said second flip-flop, and having a 
second phase if a second value is held in said second flip-flop ; and 

a multiplexor for selectively outputting the AC signal based on a mode signal 
s e nding th e signal . 

24. (Currently Amended) An input AC boundary scan cell (BSC), comprising: 

a first flip-flop having a data input for receiving an input signal, a clock input 
connected to a refClk line, and a first flip-flop output , the input signal being an AC signal 
if said BSC is in an AC JTAG mode and a DC signal if said BSC is a non-AC JTAG 
mode, the first flip-flop output indicating a captured phase of the AC signal if the input 
signal is the AC signal ; 

a first multiplexer having a first input , a select input connected to a syncPulse 
syncPuls e line, a second input connected to said first flip-flop output, and a first 
multiplexer outpu t, a sync pulse signal on the syncPulse line having an initial pulse ; 

a second flip-flop having a data input connected to said first multiplexer output, a 



clock input connected to a refClk line, and a second flip-flop output feedback to said first 
input of said first multiplexe r, said second flip-flop adapted to capture a default phase of 
the AC signal in the AC-JTAG mode when the sync pulse signal has the initial pulse, the 
second flip-flop output indicating the default phase ; 

an XOR logic gate having a first input connected to said second flip-flop output, a 
second input connected to said first flip-flop output, and an XOR logic gate output , the 




to 
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Correal 




XOR logic gate output having a first level if the first flip-flop output and the second flip- 
flop output match, and having a second level if the first flip-flop output and the second 
flip-flop output do not match ; 

a second multiplexer having a first input connected to said first flip-flop output^a 
select input connected to and an acjtagMode line, a second input connected to said XOR 
logic gate output, and a second multiplexer output; 

a third multiplexer having a first input connected to a bscanShiftln line , a select 
input connected to and a ShiftBscan2Edge line, a second input connected to said second 
multiplexer output, and a third multiplexer output; and 

a third flip-flop having a first input connected to said third multiplexer output, a 
second input connected to a clockBscan line, and a third flip-flop output connected to a 
bscanShiftOut line. 

25. (Currently Amended) An input AC coupled boundary scan cell CBSC) for 
receiving a signal , said BSC comprising: 

a sampling flip-flop for sampling an input signal in accordance with r e sp e ct to a 
reference clock , the input signal being an AC signal if said BSC is in an AC JTAG mode, 
the sampling flip-flop adapted to capture and output a phase of the AC signal if the input 
signal is the AC signal ; 

a feedback flip-flop connected to said sampling flip-flop , said feedback flip-flop 
adapted to capture a default phase of the AC signal when a sync pulse signal has an initial 
pulse, an output of said feedback flip-flop indicating the default phase for controlling th e 
signal ; and 



we 
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